T wo decades ago, injury was recognized as significant public health problem for the young, especially for young males. 1 However, an increasing proportion of the patients cared for by trauma systems are now older. 2 The purpose of this study was to evaluate national trends in hospitalization related to injury. These findings have major implications for the structure and financing of trauma care systems, as well as identifying priorities for injury prevention.
METHODS
National Hospital Discharge Survey (NHDS) data for 1979-2000 were obtained on a compact disk from the Centers for Disease Control and Prevention (CDC) and from the web site of the CDC. 3 NHDS is a national probability sample of discharge data from acute care general hospitals in the United States conducted annually by the CDC. 4 NHDS used a two stage design (a random sample of hospitals and then a random sample of discharges from selected hospitals) until 1987, and has used a three stage design (adding an additional regional level of sampling) since that time. NHDS data include patient age and sex, up to seven International Classification of Diseases, ninth revision, clinical modification (ICD-9-CM) diagnosis codes, and hospital outcomes (including death or discharge destination). Estimates of national totals can be obtained by weighting according to the inverse of the case selection probability.
From the raw data, cases for this study were selected if their principal ICD-9-CM diagnosis code was in the range of injury (800-959), excluding late effects of injury (905-909), foreign bodies (930-939), and complications (958). Commercially available software (ICDMAP-90, Tri-Analytics, Baltimore, MD) mapped each diagnosis code to one of six body regions and six levels of abbreviated injury score (AIS) when possible, then calculated an overall injury severity score (ISS). 5 6 The "ignore unknown" and "low severities" options for the software were used, thus ignoring any ICD-9-CM code that could not be classified and selecting the less severe AIS where this mapping was equivocal. Estimates of totals, means, rates, and proportions were calculated according to methods that accounted for weighted survey data (using Stata version 7, College Station, Texas).
Fractures of the femoral neck (hip) comprise a large proportion of the injury admissions over the age of 65, but very few of those under the age of 65, and were therefore considered as a special group. Cases were classified into four categories: (1) isolated hip fracture (ICD-9-CM principal diagnosis codes 820.0-820.9, with ISS = 9); (2) other serious injuries (ISS at least 9); (3) moderate injuries (ISS <9); and (4) injuries of undetermined severity (where ISS could not be calculated by ICDMAP-90). External cause of injury codes (E codes) were also sought among the diagnosis codes, and if present were classified as recommended by the CDC. 7 In addition to the severity categories, patients were analyzed by year, sex, and the following age categories: 0-14, 15-19, 20-39, 40-64, 65-74, 75-84, 85 and older. For each subgroup, we determined the frequency of hospitalization, mechanisms of injury, total days of hospitalization, and frequency of discharge destination. Hospital destination categories included death, discharge to home (including those who left against medical advice), discharge/transfer to short term facilities (including rehabilitation centers), discharge/ transfer to long term care institutions, and other (including alive but not specified). In 1979 and 1980, a different categorization was used for discharge destinations; therefore, these two years were excluded from this part of the analysis. National population figures for each age and sex category, including the military and institutionalized populations as appropriate, were also obtained from the CDC, 8 and used to calculate annual population based rates of hospitalization for each subgroup.
RESULTS
The annual frequency of admissions to the hospital for different categories of age, sex, and severity are shown in table 1 and fig 1; population based rates are shown in table 2. Since the rates for ages 15-19 were very similar to the rates for ages 20-39, these groups have been combined for clarity in the graphs. The most striking change over the past two decades has been the absolute decrease in the number of young (aged 15-39) and middle aged (aged 40-64) men admitted to a hospital after injury (table 1 and fig 1) . Males under 40 years of age accounted for 41% of hospital admissions after injury in 1979-83, but only 26% in 1996-2000. Women over the age of 65 now account for a larger proportion of admissions (28% in 1996-2000), and the proportion of patients aged 75 and older more than doubled from 1979-83 to 1996-2000.
Some of these changes can be attributed to the increasing population of females aged 65 and older during the period between 1979 and 2000 (from 15.0 million to 20.6 million), but the number of males under 40 years of age is also somewhat larger (increasing from 72.3 million to 82.4 million). As shown in table 2, the hospitalization rates after injury have fallen by about 70% for both males and females aged <15, 15-19, and 20-39, while the rates of hospitalization changed much less for older men and women. Hip fracture accounted for half of the hospitalizations among females aged 75 and older, and about 40% among males aged 75 and older. The number of hospitalizations for hip fracture has been steadily increasing for the older age groups, but the rates per 100 000 population have been quite stable for ages 65-74, ages 75-84, and ages 85 and older.
The total number of days in hospital for each category, which may be taken as a rough estimate of hospital cost, 9 decreased in every age category (fig 2) . The decrease for young men aged 15-39 has been most notable, while the decreases in younger or older age groups have been more moderate. The total number of days in hospitals after hip fracture is decreasing for older women, while it has been relatively constant for older men (not shown). If the analysis was restricted to injuries other than hip fracture, the total number of hospital days for older men and women has remained steady since 1988.
Although most younger patients are discharged home from the hospital, the discharge destination for older patients has changed dramatically over the past two decades. Figure 3 indicates a steady decrease in the frequency of discharge to home and a steady increase in the frequency of discharge to short term or long term care facilities (including rehabilitation centers and skilled nursing facilities). In 2000, 52% of patients aged 65 and older were discharged to short term and long term care facilities after hospitalization for injuries and 31% were discharged home, compared with 22% and 66%, respectively, in 1981. If the analysis was limited to hip fractures in 2000, long term care facilities account for 56% of all discharge destinations in this age group, while only 13% went directly back to the community. Conversely, for injuries other than hip fracture, 31% were transferred to long term care facilities and 45% went home. Figures 4A and 4B depict the rate of admissions for other serious injuries (ISS at least 9, after excluding isolated hip fractures), which would rarely be treated without hospitalization, stratified by age and sex. The rate of hospitalization for these serious injuries decreased among males and females aged less than 40 years and has been relatively constant in the middle aged, while in the oldest age groups the rates increased, especially for women. Among the patients who had serious injuries, the proportion of patients aged 65 and older more than doubled (14% in 1979 and 33% in 2000), while the proportion of patients aged less than 40 decreased by 30% (64% in 1979 and 45% in 2000).
The availability of E codes in the NHDS data has increased over time from only 9% in 1979, and 36% in 1990, to 66% in 2000. Among patients with recorded E codes in 2000, falls accounted for 48% of admissions (36% for age under 15, 15% for ages 15-19, 17% for ages 20-39, 42% for ages 40-64, 64% for ages 65-74, 80% for ages 75-84, and 84% for ages 85 and older), while motor vehicle collisions were involved in 17% of admissions (17%, 33%, 28%, 20%, 15%, 6%, and 3%, respectively). However, falls were the mechanism of injury in only 39% of the serious injuries, while motor vehicle collisions were the mechanism of injuries in 28% of the serious injuries.
DISCUSSION
Our findings confirm that the results obtained in the state of Maine by Clark and Chu 2 were representative of the United States as a whole: trauma can no longer be considered a "young person's disease", and trauma care systems are now often dealing with injuries in the older population. Some of the differences over time may be attributed to changes in the age distribution of the US population: the proportion of the male population under the age of 40 has fallen from 66.2% in 1979 down to 59.7% in 2000, while the proportion of the female population over aged 65 and older has risen from 13.0% to 14.4%. However, these demographic changes are relatively small in comparison to the trends we have shown. Some of the change has also likely resulted from a decrease in the use of inpatient hospitalization for less severe injuries: moderate injuries that formerly resulted in hospital admission may be more often treated in an outpatient setting, and the length of stay for cases hospitalized may also have been shortened. However, the finding of decreased rates of serious injury in the younger population and increased rates in the older population are similar to changes in motor vehicle fatalities over this time, 10 and suggest that preventive strategies have been less effective in the oldest age groups or that the preventive focus has been more on younger than older people. Although the outcomes of seriously injured elderly patients have varied among studies, [11] [12] [13] it is obvious that injury prevention is preferable to expensive medical care due to severe injuries. 14 Thurman and Guerrero analyzed traumatic brain injury using NHDS data, and also found decreasing rates of hospitalization with greater decreases in younger age groups. 15 They found an increase in the incidence of severe injuries (AIS 4 or greater), but this finding was of uncertain significance due to a relatively large number of injuries of unknown severity in earlier years. These authors did not report any simultaneous stratification by age and severity. The cost of caring for patients aged 65 and older with injuries (as well as other conditions) is borne largely by taxpayers through the Medicare system. Some reduction in hospital days appears to have been accomplished over the past decade as a result of changes in Medicare reimbursement for skilled nursing facility (SNF) stays. This can be attributed to federal legislation that has fostered the development of SNF beds in nursing homes. 16 17 The referral to SNF of patients ineligible for Medicare benefits (primarily those below the age of 65) has been much less common. Whether the use of SNF has indeed reduced the cost of care after injury, and the difference in SNF referrals between men and women, are areas requiring further study.
As a related issue, the use of hospital length of stay as a surrogate for costs clearly must be modified when dealing with the US population aged 65 and older. Efforts to predict length of stay among injured patients [18] [19] [20] should allow for the fact that discharge from a hospital to a SNF in this age group is now encouraged by the Medicare fee structure. Ideally, predictive models should measure length of stay in SNF as well as in hospitals. However, even with an accurate measurement of length of stay, some of the costs generated in SNF (and reimbursed by Medicare) may be difficult to determine. 21 Falls are the leading cause of injury death in older people, while motor vehicle collision is the leading cause under age 65. 22 Our analysis of the E code data for the year 2000 also shows that falls account for a much higher proportion of total hospitalizations in the old than in the young. Fall injury occurs most frequently at home and in residential institutions, and a large body of evidence shows the effectiveness of fall prevention programs in these settings. [23] [24] [25] Thus, priority should be given to promoting fall prevention programs, including comprehensive fall risk assessment and multidisciplinary intervention such as exercise programs (incorporating muscle strengthening and balance training), behavioral and educational programs, environmental modification, cessation of psychotropic medication, and use of hip protectors. 26 The incidence of hip fractures may also be reduced by moderate levels of physical activity, 27 combined hormone replacement therapy in women, 28 and treatments to prevent osteoporosis. 29 30 Although not as frequent as falls, motor vehicle collisions represent a significant proportion of injuries in the older population. 22 Stevens and Dellinger have recently shown that there are differences in mortality from motor vehicle collisions among different races and ethnicities, and that the death rate from motor vehicle collisions is much higher than from falls among older black men in the US. 31 In general, motor vehicle occupants aged 65 and older have the highest proportion of safety belt usage, 32 although certainly this proportion might be further improved through education and legislation. Air bags may help protect the older driver or passenger from injury in a crash, and side as well as frontal air bags would be particularly helpful for this group that sustains an increased number of side impact collisions. 33 34 The independence that the automobile allows is highly valued at all ages, and laws restricting older drivers might be difficult for this growing segment of the population to accept. However, many older drivers already limit their exposure by driving less often and avoiding complicated situations; this trend should at least be encouraged by development and improvement of mass transit or ride sharing programs.
There are several limitations in our study. The NHDS data are a sample, aggregated from different states. Even though it is expected that different states may have different priorities given the available resources and different rates of aging, the unavailability of state level information did not allow us to analyze the trends in each state. The sample design for NHDS changed somewhat in 1988, which may affect comparison of the estimates before and after this year 4 ; however, the continuation of the same trends before and after suggests that this difference is minimal. Moreover, because NHDS is a sample, the estimates are subject to rounding and measurement error, which are in the range of 4%-5% for the subpopulation estimates in any given year. However, random sampling variation should not affect the trends seen with multiple observations over time.
Other potential limitations are related to ICD-9-CM coding changes during the 20 year span of this study. These may have affected injury severity scoring somewhat, although there were relatively few cases that could not be mapped in our study. ICDMAP-90 was designed for use with the 1990 version of the ICD-9-CM codes, essentially at the midpoint of our study, and the ISS has always been calculated from the same (older) version of the AIS. There has been no subsequent revision of ICDMAP-90, and it seems unlikely that enough change in the ICD-9-CM has occurred to affect our simple stratification using one value of ISS. Likewise, we have not found that the ICDMAP-90 options for handling unknowns and equivocal severities make much difference in crude stratifications.
In conclusion, this study found that the number of hospital admissions after injuries has decreased dramatically over the past two decades, especially for young males. Older patients now comprise a large proportion of the injured patients requiring hospitalization in the United States, and trauma systems must adapt to this change. 2 Since morbidity in this age group results in significant medical costs and decreasing quality of life, increasing attention should be given to the prevention of injuries in this growing population.
Key points
• Over the past 20 years, the number of young males hospitalized after injuries in the USA has decreased dramatically.
• Women aged 65 and older are now the group most frequently admitted to hospitals after injury. • Most injured patients over aged 65 and older were formerly discharged home, but now most are discharged to long term care facilities.
• The institutional cost of injuries for older patients remains high, so that injury prevention in this age group is increasingly important.
